SUMMARY A study was carried out in the United Kingdom of patients with severe osteogenesis imperfecta (01), born with fractures to normal parents, in order to determine recurrence risks. A total of 105 cases from 98 families survived the perinatal period and 60 cases from 57 families were stillborn or died during the first week of life. The majority of the perinatal survivors correspond to the overlapping group of Sillence type III and sporadic type IV 01. In 40 of these, the radiograph at birth was available and in 37 it showed a characteristic appearance similar to that described previously for type III 01. The other three cases had radiological type IIB 01 at birth and died before 26 months of age. The patients with perinatally lethal 01 were subdivided on radiological appearance into Sillence type IIA (30 cases, described in the previous paper), type IIB (12 cases from 11 families), and type IIC (three cases from three families), and in five cases from three families the radiological appearance was the same as that of the 37 perinatal survivors described above. Ten cases from 10 families were not classified because their radiographs were unavailable.
Recurrence risks and prognosis in severe sporadic osteogenesis imperfecta ally lethal' form, was later subdivided into three radiological subgroups by Sillence et 01, with reports of affected sibs7-14 and of single cases in a sibshi or affected cousins with parental consanguinity.7 17 It is noteworthy, however, that several studies record a paucity of affected sibs" '20 or note that the majority of severe 01 are sporadic. 2' Genetic counselling is difficult in severe 'sporadic' 01 because single cases of type III and IV cannot be distinguished reliably and there are no clinical or radiological features which allow identification of an isolated case of recessive type III 01. To resolve this genetic counselling dilemma we determined recurrence risks and assessed prognosis in this severe 'sporadic' group of patients.
Methods

ASCERTAINMENT OF CASES
There is no single criterion which will include all patients with severe OI. Nevertheless, the majority of patients with severe 01 will have fractures at birth,22 making this the best inclusion criterion for this group of patients. Ascertainment of cases of 01 with fractures at birth requires different sources for patients who died perinatally (defined as stillborn babies or those who died within one week of birth) and for those who survived the perinatal period.
(a) Patients who survived the perinatal period These were ascertained largely through the Brittle Bone Society (BBS), a support group in the United Kingdom for patients with 01 : 9 . > : , " t ' . , t E , s ; S t i j j S w } . , , , . . . , , , * e ; The femora were shortened with flared metaphyses probably due to multiple small fractures. The diaphyses were thin and showed a moderate degree of modelling and often mid-shaft angulation. The overall appearance of the femur was like an apple core and was seen in 36/37 cases. In nine of these, the length of the femora was a little greater than in the rest, but overall the changes were more severe than in type I 01. After about one month, the femur developed an unmodelled rectangular appearance, presumably due to callus formation around the mid-shaft ( slender, the humeri are well modelled, and the skull shows
The humeri were usually well modelled. good mineralisation.
The skull was usually well mineralised, revealing multiple wormian bones.
The vertebral bodies were usually of normal height but showed platyspondyly in 4/32 cases. The tibiae were usually angulated at the junction of the upper 2/3 and lower 1/3, except in one child who was a breech presentation with extended legs; his tibiae were straight.
The number of discrete fractures was often very difficult to count accurately, but ranged in number from four to 30, with a mean of about nine. Seven of 40 of these patients died; five died under six months and the other two at 14 months and 46 months. Neonatal x rays were available for only one pair of sibs (family 7, fig 5) and both showed the same radiological pattern as described above. The radiological picture described is similar to that described by Sillence for type III O0,1 7 but we believe these patients represent a heterogeneous type III/sporadic IV group.
(ii) Type lIB OI pattern Three cases showed the radiographical pattern of OI type IIB with broad, rectangular, unmodelled, crumpled femora, thin ribs with multiple discontinuous beads, some modelling of humeri, platyspondyly (in one out of the three), and angulated tibiae (fig 6) . These three patients died at four weeks, six weeks, and 26 months respectively. These FIG 6 Radiograph taken on day 5 ofa girl who died at four months. Note that the femora are short and unmodelled, the ribs are thin with occasional beads, the humeri are short with some modelling, the skull shows some mineralisation, and there is platyspondyly ofsome vertebral bodies. This appearance is that of IIB (see fig 7) typical of IIB, they were classified as such. Another single case (born at 34 weeks) had longer femora than the others, but these were completely unmodelled and the other features were consistent with IIB. There was one affected sib pair and the others were single cases. The affected sibs had the same radiological appearance (figs 7 and 8).
Nine of the 12 babies were liveborn, at a mean gestational age of 37-6 weeks (range 34 to 41 weeks), two were terminations at 18 and 23 weeks after detection of bone shortening and deformity at ultrasound scan, and in one these details were unavailable. The mean duration of survival of the nine liveborn babies was about 14 hours, range one to 48 hours. There were six females and six males. The other five babies (from three families) who died perinatally, and who were originally classified as IIB,23 in fact had radiological appearances similar to those described in (c) (i), that is, with the type III/IV appearance (fig 10) . One index case was stillborn at 30 weeks and two were liveborn at 38 weeks and lived 24 and 10 hours respectively. The first two babies were single cases in their family, but the third had two affected sibs in whom the disease was detected prenatally by ultrasound scan and confirmed radiologically after termination of pregnancy. These three sibs had the same radiological appearance (fig 11 a-d) .
(c) Type IIC Ol Three cases were classified as type IIC 01 on the basis of broad, irregular femora, thin, irregular, discontinuously beaded ribs, irregularly shaped humeri, poor skull mineralisation, near normal height of vertebral bodies, and angulated tibiae ( fig  12) . The pelvis showed flared ilia and long ischia which pointed downwards. The hallmarks of this type of 01 appear to be irregularity of bone shape, including of the scapulae, and speckled calcification. Two of the three cases were stillborn at 28 and 30 weeks. In the other case, the pregnancy was terminated at 19 weeks' gestation after detection of skeletal abnormalities during routine ultrasound scanning.
(d) Unclassifiable perinatally lethal O0 In 10 cases, the diagnosis of 01 had originally been made on x ray appearance, but as the radiograph was no, longer available, classification was not possible. Seven in family 7) . Again .taking one child per family as the proband, there were 98 probands who had 146 sibs of whom 10 were affected, giving an empirical recurrence risk of 6-9%. It could be argued that since neonatal x rays were available in only 40 cases, it is invalid to include in the analysis those with no neonatal x rays. However, the maximum age at death of a child with IIB 01 was 26 months, and of the perinatal survivors with no neonatal x rays, only nine had died under 26 months. Extrapolating from the fact that three of 40 with neonatal x rays were found to be IIB, then about one other (3/40x9=0.675) could in fact be expected to have IIB 01.
Sixty of the 146 sibs (41%) were post-born. Of the mothers of single cases, 16 gave a history of one early spontaneous miscarriage, two of two, and one of five miscarriages. Of the mothers of affected sibs, two reported one miscarriage each and one mother reported two.
The eight families with affected sibs are shown in fig  5. In families 5, 6 , and 7 the parents are first cousins; all come from ethnic groups in which consanguinity is common. The parents in family 5 were Jordanian, in family 6 they were Pakistani, and in family 7 they were Welsh gypsies. The parents of the mother in the latter family were also consanguineous and she was said to have had affected sibs. In the other five families the parents were unrelated and British, except for the father in family 3 who is German. Consanguinity was present in one other family in which the parents of a single case were first cousin Pakistanis (fig 13) (b) Type IIB There were 12 cases from 11 families ascertained through the perinatally lethal survey, and three cases from three families ascertained through the BBS who died beyond the perinatal period [see Al (c)]. These 15 cases had 13 sibs, one of whom was affected, giving an empirical recurrence risk of 7-7%. Nine sibs were post-born and four pre-born. Parents were consanguineous in three families; in family 1 they were first cousin Pakistanis, in family 11, a West Indian family, the child was born of an incestuous union, and in family 12 the parents were first cousin Sri Lankan Christians. The latter two families come from racial groups in which consanguinity is uncommon. Parents in the other 11 families were unrelated; 10 couples were Caucasian and one was Negro. None of the mothers reported having any early spontaneous miscarriages. Mean parental ages at the birth of the (first) affected child were: paternal 25-44 years (n= 11, range 15-9 to 34-58 years); maternal 22-28 years (n= 14, range 13-25 to 27-5 years). If the three families with consanguineous parents are excluded, the mean parental age at the birth of the affected child are paternal 24-36 years (n=9, range 15-9 to 32-92 years) and maternal 22-51 years (n=11, range 16-4 to 27-2 years), which are not raised above the parental ages in the general population.
(c) Type IIC There were three cases, with three sibs, all of whom were healthy. The parents were all unrelated; two pairs were Caucasians and one was Negro. The mothers reported no early miscarriages. Parental ages at the birth of the affected child were paternal 29 0, 28-5, and 25-8 years (mean 27-77 years) and maternal 27-67, 27-0, and 25-2 years (mean 26-62 years).
(d) Unclassifiable perinatally lethal 01 Ten cases had 22 sibs, all normal. The parents were all unrelated Caucasians. One mother reported one early miscarriage. Mean parental ages at the birth of the affected child were: paternal 32-72 years (n=9, range 22-33 to 49-7 years) and maternal 27-98 years (n = 10, range 18-5 to 39-75 years).
Discussion
We studied a large group of patients with severe deforming 01, born with fractures to normal parents, in order to determine recurrence risks. Patients who died in the perinatal period were ascertained differently from those who survived it. The majority of the latter (for whom x rays were available) had a characteristic radiographical appearance in the first week of life, which corresponds to that described by Sillence et al1 7 for type III 01. These patients represent a heterogeneous group of 'type III' and ,sporadic type IV'. The patients who died within one week of life mostly had type IIA 01, some had type IIB, a minority IIC, and some were not classifiable. In addition, five patients with perinatally lethal disease from three families had the 'type III' radiographical appearance. This draws attention to some important points regarding classification and prognosis. reported two sibs with probable IIB 01 who died at five months and five and a half months and Hein27 described a daughter of first cousin parents with probable IIB 01 who died at five months. Chawla28 reported four sibs with severe congenital 01. The x ray of one taken on day 3 was consistent with IIB 01. He died at nine months and his affected sibs died at three years, 24 hours, and four months of age. Patients with the type III/IV appearance at birth may be stillborn (one case) or liveborn, but die within 24 hours (two cases). The vast majority (103 cases) survived the perinatal period but one quarter died in childhood, more than half of these before two years, and the majority of deaths had occurred by 10 years. Sporadic cases with only mild bowing at birth will usually have mild disease (fig 1) and probably represent new dominant mutations.
Essentially, the better the bone morphology at birth, the longer the survival. This is similar to the results of the scoring system devised by Spranger et al. 29 Similarly, Shapiro,"1 in a review of 85 patients with 01, found that poor bone morphology at birth or at the time of initial fracture predicted a worse prognosis for survival and ambulation.
RECURRENCE RISKS (TABLE 6) Type IIlV group The empirical recurrence risk of 6-9% is likely to be a maximum, because if any bias in ascertainment were present it would be towards finding affected sib pairs whose families are more likely to join the BBS or to be known to clinical geneticists. The recurrence risk could have been underestimated if parents had been deterred from further reproduction after the birth of one affected child. This does not appear to have been the case, since, of the 146 sibs, 41% were born after the proband.
The recurrence risk of 6-9% in this study is consistent with the disease arising as a new autosomal dominant mutation in 72*4% of these families and as an autosomal recessive in only 27-6%, assuming that these are the two genetic mechanisms operating. It would be expected that the autosomal recessive cases would be overrepresented in families in which the parents are consanguineous and this appears to be the case. If the four families with consanguineous parents are excluded (figs 5 and 13) then the empirical recurrence risk in families with unrelated parents is 4-4% (six affected sibs out of 135 sibs of 104 cases).
The current study has specifically addressed the problem of recurrence risk in sporadic cases of 01 born with fractures. We recognise that there are 'late onset' autosomal recessive forms, as reported by Sillence et al, 7 Lievre,ll Awwaad and Reda (family 2),12 and Horan and Beighton,'3 but these are probably rare. Occasionally, cases will be detected on routine scans, as happened in two of our patients.
Recurrence risk in IIC OI The numbers in our study are too few to draw conclusions regarding mode of inheritance. Sillence et a12 described four cases in two families, three of whom were from one sibship, suggesting autosomal recessive inheritance.
Unclassifiable perinatally lethal 01 If genetic counselling were requested after the birth of a child with radiologically proven perinatally lethal OI, but the x ray was lost so that classification was not possible, empirical recurrence risk figures of 3-8% could be given (table 6) , derived from the number of affected sibs (n=3) out of total sibs (n=80) of all cases of perinatally lethal OI (n=60). Again, prenatal diagnosis by ultrasound scanning could be offered for future pregnancies.
Conclusion
We suggest that the radiological appearance at birth in severe 'sporadic' 01 predicts both survival and recurrence risks to sibs. The most severe abnormalities of bone mineralisation and morphology are seen in types IIA and IIC, and these babies rarely survive the perinatal period. In type IIA the recurrence risks are very low. In type IIC, the rarest form of 01, the evidence is in favour of autosomal recessive inheritance. In type IIB the bone abnormalities are severe but less so than in IIA and IIC. The babies usually die in the perinatal period but occasionally survive for several months. On the available information there is not enough evidence to quote a recurrence risk of less than 25%.
Sporadic cases with the moderate bone changes of 'type III' OI at birth cannot reliably be diagnosed as type III or IV. They usually survive the perinatal period but about one quarter die in childhood. The overall empirical recurrence risk is 7%. In practice, we would give a risk of up to 25% if the parents are
